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To provide an economically advantageous process 
for manufacturing crystalline maltitol and crystalline 
mixture solid containing crystalline maltitol. 

Means to Solve Problem 

The process of this invention uses the syrup having 
a maltose purity of 81 to 90% as the starting material. 
The syrup is hydrogenated under the existence of cata- 
lyst, and then subjected to a chromatographic separa- 
tion by using cation-exchange resin, resulting in an 
aqueous solution of maltitol having a maltitol purity of 94 
to 99.9%. The aqueous solution is further crystallized in 
the presence of a seed crystal, subjected to a separa- 
tion, cooled and kneaded so as to manufacture both 
crystalline maltitol and crystalline mixture solid contain- 
ing crystalline maltitol at the same time. 
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Description 

Detailed Explanation of Invention 

Field of Invention 

This invention is concerned with a process for man- 
ufacturing a crystalline maltitol and a crystalline mixture 
solid containing the same. Particularly this invention 
intends to provide a process for manufacturing a crys- 
talline maltitol and crystalline mixture solid containing 
the maltitol from the same law material. 

Prior Art and Problems Solved by the Invention 

A crystalline maltitol and crystalline mixture solid 
containing crystalline maltitol are sugar alcohol which is 
prepared by hydrogenating maltose under the existence 
of catalyst and crystallizing or solidifying the same. The 
sweet taste of the crystalline maltitol and crystalline 
mixture solid containing the maltitol is similar to that of 
sugar and their sweetness is more similar to sucrose 
than other sugar alcohol. It is very little for the crystalline 
maltitol and crystalline mixture solid containing crystal- 
line maltitol to be utilized by oral bacteria and thus 
hardly cause a tooth decay. They are also poorly digest- 
ible by human digestive enzymes. Because of these 
features, a crystalline maltitol and crystalline mixture 
solid containing the maltitol are widely used by diabet- 
ics, people who are on diet and people who want to pre- 
vent tooth decay 

Further, because a crystalline maltitol and crystal- 
line mixture solid containing crystalline maltitol have 
various beneficial functions such as low hygroscopicity, 
stability against the heat, no promotion of insulin secre- 
tion and preferable influence in absorption of various 
minerals, their use is not restricted to the particular uses 
discussed above. They are coming into common use as 
a material for general food, pharmaceuticals, and cos- 
metics. 

The technology for manufacturing a crystalline 
maltitol is publicly known. For example, the technology 
is disclosed in (1) Tokkyo Kokai Koho (Patent Laid Open 
Publication) Showa 57(1 982)-1 34498 and (2) Tokkyo 
Kokai Kbho (Patent Laid Open Publication) Showa 
61 (1986)-1 80797. 

For example, the publication (1) discloses a proc- 
ess for preparing a maltose whose maltose purity is 93 
to 1 00 % by weight for solid material in the solid compo- 
nent (hereinafter, this unit may be indicated merely as 
"%"), including steps of liquefying an underground 
starch such as potato starch into low DE (dextrose 
equivalent) by liquefying enzyme, saccharifying it by 
reacting with debranching enzymes, such as p-amylase 
and isoamylase, purifying it and crystallizing maltose if 
it is necessary. 

In turn, the maltose is hydrogenated under the 
existence of catalyst to manufacture a high purity malti- 
tol. The maltitol is separated when massecuite is gener- 



ated through the crystallization, resulting in a crystalline 
maltitol. This method is discussed in the above publica- 
tion. 

Further, the publication (2) discloses a technology 
5 that a maltose syrup whose concentration is 25 to 45 % 
and whose maltose purity is 50 to 80% in the solid com- 
ponent is hydrogenated under the existence of catalyst 
to obtain corresponding maltitol. The maltitol is chroma- 
tographically separated to obtain a fraction whose malti- 
10 tol purity is more than 87 % by weight in the solid 
component. The maltitol is further condensed to have 
the concentration within the range of 75 to 92%, and is 
crystallized. The crystalline maltitol is recovered and its 
mother liquor are again subjected to the chromato- 
is graphic separation step. 

A process for manufacturing crystalline mixture 
solid containing crystalline maltitol is also publicly 
known. For example, one process is disclosed in the 
publication (1). 

20 The publication (1) discussed above discloses a 
process for manufacturing crystalline mixture solid con- 
taining crystalline maltitol from a generated massecuite 
by a publicly known method such as a block grinding 
method, a f luidized drying method, and the spray-drying 

25 method. 

The respective prior art processes are, however, 
found to have problems. 

For example, according to the process disclosed in 
the publication (1), in the step of liquefying starch, a 

30 solution having a low DE needs to be produced to be 
saccharified. Because the use of a normal concentra- 
tion solution results in a high viscosity, liquefaction and 
saccharrfication must be conducted using a low concen- 
tration solution although the use of such solution is eco- 

35 nomically disadvantageous. 

Further, in the saccharrfication, a great amount of 
enzyme is required and expensive isoamylase must be 
used. 

Further, the best purity of maltose obtained by the 

40 saccharrfication is limited to 90 to 93%. When a crystal- 
lization process is added to improve the maltose purity, 
the cost for the entire process is further increased. 
Therefore, this process involves problems which make 
the process economically disadvantageous. 

45 Furthermore, in the catalytic hydrogenation step, a 
great amount of catalyst must be used in the condition 
where a temperature is stable to control the decomposi- 
tion of maltose or maltitol so as to maintain a high purity 
of maltitol. This also makes the process economically 

so disadvantageous. 

Additionally, the process for manufacturing crystal- 
line maltitol disclosed in the publication (1) includes a 
step for crystallizing and separating an aqueous solu- 
tion of maltitol having, normally, a maltitol purity of about 

55 92% in the solid component. The step results in a great 
amount of molasses, but it is difficult to recrystallize the 
molasses. These molasses can be only used to sell as 
inexpensive liquid products to which high value cannot 
be added, such as hydrogenated maltose syrup or 
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hydrogenated starch hydrolysates. In this respect, the 
process involves a problem of being economically dis- 
advantageous. 

In turn, the process disclosed in the publication (2) 
involves a problem that a chromatographic separation of s 
each component is difficult even after a catalytic hydro- 
genation is conducted because syrup containing mal- 
tose of about 50 to 80% includes a considerable amount 
of glucose and origosaccharide. Thus, if a syrup is sub- 
jected to a chromatographic separation to obtain a high w 
purity maltitol, the effectiveness of separation is poor. In 
other words, the yield of a high purity maltitol is low. An 
improvement of the separation effectiveness results in a 
syrup having a low purity maltitol, which makes the sub- 
sequent crystallization step difficult to conduct. The is 
improvement of effectiveness also increase the amount 
of a low content maltitol syrup which is a by-product of 
the chromatographic separation step. This syrup of by- 
product is not used for a product to which high value can 
be added. In short, this process is also economically 20 
disadvantageous. 

The publication (1) also discloses a process for 
manufacturing crystalline mixture solid containing crys- 
talline maltitol. The process inherently has a problem 
because, as discussed above, a step involved in the 2s 
process for preparing maltose is economically disad- 
vantageous. 

In short, a prior process art for manufacturing crys- 
talline maltitol and crystalline mixture solid containing 
the same is significantly more expensive than those for 30 
processing other sugar alcohol for a general use such 
as sorbitol. Therefore, a development of means to solve 
these problems, in other words, a development of an 
economically advantageous process, has been long 
desired. 35 

Disclosure of the Invention 

Inventors of this invention reviewed said problems 
carefully and found out that syrup having a maltose 40 
purity of 81 to 90% which is provided by saccharrf ication 
by enzyme of a general use after starch is liquefied can 
be relatively inexpensively prepared. Thus, they used 
this syrup having a maltose purity of 81 to 90% as the 
starting material, and it is chromatographically sepa- 45 
rated by using cation-exchange resin after the syrup is 
hydrogenated under the existence of catalyst. Because 
of that, they succeed to prepare an aqueous solution of 
maltitol having a maltitol purity of 92 to 99.9%, prefera- 
bly 94 to 99.9%. The solution is further crystallized in so 
the presence of a seed crystal, centrifuged, cooled and 
kneaded. As a result, a process for manufacturing both 
crystalline maltitol and crystalline mixture solid contain- 
ing crystalline maltitol at the same time is provided. 
Additionally, the inventors succeeded to manufacture ss 
crystalline mixture solid containing crystalline maltitol by 
adding a seed crystal after the crystalline mixture solid 
was crystallized, cooling and kneading it. Thus, they 



solved the problems inherent to the prior art and com- 
pleted this invention. 

Means to solve the problem of this invention are as 
follows: 

The first invention is: 

a process for manufacturing crystalline 
maltitol and crystalline mixture solid containing the 
maltitol, characterized in that the process passes 
sequentially through the following processes: 

1) the first step of hydrogenating syrup having 
a concentration of 30 to 75% by weight and a 
maltose content of 81 to 90% by weight in the 
solid component under the existence of cata- 
lyst to obtain corresponding syrup of sugar 
alcohol; 

2) the second step of chromatographically sep- 
arating said syrup of sugar alcohol by supply- 
ing said syrup of sugar alcohol to a column 
packed with cation-exchange resin to obtain 
high content maltitol syrup fraction having a 
maltitol purity of 92 to 99.9% by weight in the 
solid component; and 

3) the third step having a sub-step of crystalliz- 
ing, in the presence of a seed crystal, a part of 
syrup resulting from condensation of said high 
content maltitol syrup fraction to collect crystal- 
line maltitol, and another sub-step of spray-dry- 
ing or cooling and kneading, in the presence of 
a seed crystal, remaining part to obtain crystal- 
line mixture solid containing crystalline maltitol. 

The second invention is: 

a process for manufacturing crystalline 
maltitol and crystalline mixture solid containing the 
maltitol, characterized in that the process passes 
sequentially through the following processes: 

1) the first step of hydrogenating syrup having 
a concentration of 30 to 75% by weight and a 
maltose content of 81 to 90% by weight in the 
solid component under the existence of cata- 
lyst to obtain corresponding syrup of sugar 
alcohol; 

2) the second step of chromatographically sep- 
arating said syrup of sugar alcohol by supply- 
ing said syrup of sugar alcohol to a column 
packed with cation-exchange resin to obtain 
high content maltitol syrup fraction having a 
maltitol purity of 92 to 99.9%, preferably 94 to 
99.9%, by weight in the solid component; 

3) the third step of crystallizing after a conden- 
sation of said high content maltitol syrup frac- 
tion and separating crystalline maltitol from 
mother liquor, whereby collecting crystalline 
maltitol; and 

4) the forth step of adding said high content 
maltitol syrup fraction resulting from the second 
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step to said mother liquor resulting from the 
third step, condensing and spray-drying or 
cooling and kneading it in the presence of a 
seed crystal to obtain crystalline mixture solid 
containing crystalline maltitol. 

The third invention is: 

a process for manufacturing crystalline 
maltitol and crystalline mixture solid containing the 
maltitol, characterized in that the process passes 
sequentially through the following processes: 

1) the first step of hydrogenating syrup having 
a concentration of 30 to 75% by weight and a 
maltose content of 81 to 90% by weight in the 
solid component under the existence of cata- 
lyst to obtain corresponding syrup of sugar 
alcohol; 

2) the second step of chromatographically sep- 
arating said syrup of sugar alcohol by supply- 
ing said syrup of sugar alcohol to a column 
packed with cation-exchange resin to obtain 
high content maltitol syrup fraction having a 
maltitol purity of 92 to 99.9%, preferably 94 to 
99.9%, by weight in the solid component; 

3) the third step of crystallizing after a conden- 
sation of said high content maltitol syrup frac- 
tion and separating crystalline maltitol from 
mother liquor, whereby collecting crystalline 
maltitol; and 

4) the forth step of adding a seed crystal to said 
mother liquor resulting from the third step, and 
spray-drying or cooling and kneading to obtain 
crystalline mixture solid containing crystalline 
maltitol. 

The forth invention is: 

in either process of said first, second and 
third inventions, said cation-exchange resin is 
either charged with calcium ion or sodium ion and 
said chromatographic separation is batch process 
type. 

A maltose syrup having a maltose purity in the 
range of 81 to 90% in the solid component can be used 
as the starting material of this invention. The syrup can 
be made from any starch, including corn starch and 
potato starch. 

In consideration of the object of this invention, the 
inexpensive cost for process and material is very impor- 
tant factor. The syrup should be prepared from a starch 
using relatively inexpensive general use enzyme such 
as a-amylase, p-amylase, and pullulanase. Syrup con- 
taining little amount of origosaccharide which is 
between DP=3 and DP=6 is suitable for the process of 
this invention because such syrup is readily used in the 
second and subsequent steps, i.e., chromatographic 
separation, crystallization-separation and cooling- 
kneading-solidification steps. 



If the maltose purity is less than 81% in the solid 
component of syrup, other components are readily 
mixed with the maltitol fraction during the chromato- 
graphic separation step. In case where a high purity 

5 maltitol fraction is required, the amount of a collectable 
high content maltitol fraction results in considerably low, 
which makes the entire process economically disadvan- 
tageous. The use of such low purity maltose syrup 
makes difficult to obtain a high purity maltitol fraction, 

10 decreases the amount of crystalline maltitol resulting 
from the crystallization and separation steps, and pre- 
vents syrup from solidifying in cooling and kneading 
step due to insufficient amount of maltitol contained in 
the syrup after separation step. Because of these prob- 

15 lems, such syrup having a purity less than 81 % is not 
preferable for the process of this invention. 

On the other hand, if syrup having a maltose purity 
of more than 90 % in the solid component of syrup must 
be obtained, very expensive and peculiar enzyme such 

20 as isoamylase must be used or an expensive step of 
crystallizing maltose and other additional special steps 
must be required to obtain such high purity syrup. 
Accordingly, the production cost of such syrup is very 
expensive and cannot be compliance with the object of 

25 this invention. 

Hie maltose starting material used in the first step 
of this invention preferably has a concentration of 30 to 
75%. If the concentration of the maltose starting mate- 
rial is less than 30%, the amount to be handled signrfi- 

30 cantly increases, which results in a low productivity per 
production line. Additionally, the cost for the subsequent 
step of condensing the syrup increases. Thus, a proc- 
ess of using a syrup having a purity of less than 30% is 
economically disadvantageous. In contrast if syrup 

35 having a concentration of more than 75% is used, such 
syrup is difficult to be handled in the process and thus is 
not suitable because components which did not react 
resulting in the hydrogenation step increases, and filter- 
ing insoluble materials, such as catalyst, from such 

40 syrup is difficult. 

The catalyst used in the first step of this invention 
can be used most catalysts which are usually used for 
hydrogenating sugar under the existence of catalyst. In 
particular, commercially available Raney nickel catalyst. 

45 and reactivatable precious metal catalysts, such as 
powder Raney nickel and lump Raney nickel, and ruthe- 
nium catalyst carried by activated carbon are preferably 
used. 

Any condition which does not significantly decom- 
so pose maltose can be chosen for the hydrogenation step 
in the process of this invention. Usually, the hydrogena- 
tion step preferably is conducted under the hydrogen 
pressure of more than lOkg/cm 2 preferably that of 50 to 
200 kg/cm 2 and at a temperature of 90 to 1 50 °C so that 
55 the hydrogenation continues until the absorption of 
hydrogen stops. 

It is preferable that the amount of non-reducing 
component in the syrup of sugar alcohol resulting from 
the hydrogenation step is small. Reduction of the 
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amount of non-reducing component to extremely small 
may make the process economically disadvantageous 
because of the increase of catalyst amount required for 
the reaction step and the decomposition of maltose. 
The reaction step should be controlled to maintain the 5 
amount of the non-reducing component 1% or less, 
preferably 0.5% or less in the solid component in the 
syrup resulting from the hydrogenation step. 

After the hydrogenation step, catalysts is removed 
from the resulting syrup of sugar alcohol, if it is neces- 10 
sary. The syrup is further decolorized and deionized by 
activated carbon or ion-exchange resin, if it is neces- 
sary and then proceeds to the second step. 

Any commercially available cation-exchange resin 
is suitable to be used in the second step of this inven- 15 
tion. In particular, a commercially available strong acid 
cation-exchange resin which is made of styrene-divinyl- 
benzene bridge polymer combined with sulfonic group 
can be most advantageously used in the second step of 
this invention by charging sodium ion or calcium ion by 20 
a conventional method. 

Additionally any type of chromatography including 
batch process type, pseudo moving bed type, single 
column type or multiple column type can be used for the 
second step of chromatographic separation. The chro- 25 
matographic separation step can adopt a publicly 
known method. If the amount of sorbitol fraction in the 
syrup of sugar alcohol applied to the chromatographic 
separation step results in sufficiently small, a multiple 
column and pseudo moving bed type chromatography is so 
most suitable. If the amount of sorbitol fraction in the 
syrup of sugar alcohol is relatively significant, the purity 
of high content maltrtol syrup fraction may not be suffi- 
ciently high even if the fraction of more than DP=3 is 
removed. If the purity is not sufficiently high, batch proc- 35 
ess type is preferable because it can remove sorbitol 
faction. 

Conditions for the chromatographic separation is 
selected so that the maltitol in the high content maltitol 
syrup resulting from the second step is adjusted to have 40 
a content of 92 to 99.9%, preferably 94 to 99.9%, in the 
solid component. If the maltitol content is less than 92%, 
crystallization in the crystallization step is often difficult, 
resulting in a low crystal yield. Further, such syrup is dif- 
ficult to be solidified in the spray-drying step or in the 45 
cooling and kneading step. Therefore, such syrup is not 
suitable. If a syrup having a purity of more than 99.9% is 
separated, the amount of such high content maltitol 
syrup resulting from the chromatographic separation is 
very small. Thus, the separation of such high concentra- so 
tion maltitol syrup is economically meaningless. 

In the third step of this invention, after condensing a 
high content maltitol syrup fraction, a portion of the 
syrup is crystallized and separated while spray-drying 
or cooling and kneading the remaining portion of the ss 
condensed high content maltitol syrup to obtain crystal- 
line maltitol as well as a crystalline mixture solid con- 
taining the crystalline maltitol. Not completely removing 
water in the condensation is essential to proceed crys- 
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tallization. The preferable concentration in the crystalli- 
zation step and the separation step is 60 to 90 % and 
the preferable concentration in the spray-drying step or 
cooling and kneading step is 90 to 99%. 

The crystallization and separation which are part of 
the third step of this invention are conducted by provid- 
ing crystalline maltitol or crystalline mixture solid con- 
taining the maltitol as a seed crystal in over-saturated 
high content maltitol syrup so as to crystallize maltitol 
and to separate molasses from crystalline, for example, 
by a centrifugal separator. 

Further, the spray-drying or cooling and kneading 
which is the other part of the third step of this invention 
is conducted by providing crystalline maltitol or crystal- 
line mixture solid containing the maltitol as a seed crys- 
tal in over-saturated high content maltitol syrup to 
crystallize maltitol, and then spray-drying or cooling and 
kneading by a kneader or an extruder, solidifying, drying 
and crashing. 

According to one preferred aspect of this invention, 
the mother liquor resulting from the third step and the 
high content maltitol syrup resulting from the second 
step are mixed and condensed. In turn, crystalline malti- 
tol or crystalline mixture solid containing crystalline 
maltitol is provided as a seed crystal in the condensed 
syrup which is in turn cooled and kneaded to obtain 
crystalline mixture solid containing crystalline maltitol to 
which high value can be added. In this process, as dis- 
cussed above, a syrup containing maltose of 81 to 90% 
in the solid component is used as the starting material. 
The syrup is subjected to a chromatographic separation 
step so as to obtain a high content maltitol syrup con- 
taining a maltitol content of 92 to 99.9 %, preferably 94 
to 99.9 %, in the solid component. The resulting high 
content maltitol syrup is mixed with the mother liquor 
resulting from a crystallization and separation step. Fol- 
lowing these steps, this invention makes it possible for 
the first time to provide such valuable crystalline mixture 
solid containing crystalline maltrtol. 

In this preferred aspect, the mother liquor resulting 
from the third step and the high content maltitol syrup 
resulting from the second step can be mixed at any ratio 
acceptable to produce and solidify crystalline mixture 
solid containing crystalline maltitol. The mixture is most 
preferably prepared to include solid component in the 
mother liquor and the solid component of the high con- 
tent maltitol syrup at a ratio of 1 : 0.2 to 5. 

According to another preferred aspect of this inven- 
tion, the mother liquor resulting from the third step is 
condensed as it is necessary. Crystalline maltitol or 
crystalline mixture solid containing the maltitol is added 
as a seed crystal in the condensed mother liquor. The 
liquor is further subjected to a cooling and kneading 
step to obtain crystalline mixture solid containing crys- 
talline maltrtol to which high value can be added. In this 
process, as discussed above, a syrup containing mal- 
tose of 81 to 90% in the solid component is used as the 
starting material. The syrup is subjected to a chromato- 
graphic separation step so as to obtain a high content 
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maltitol syrup containing a maftitol content of 92 to 99.9 
%, preferably 94 to 99.9 %, in the solid component. The 
resulting high content maltitol syrup is condensed and 
crystallized to obtain crystalline maltitol and mother liq- 
uor. Seed crystal of crystalline maltitol or crystalline 5 
mixture solid containing maltitol is added to the mother 
liquor obtained from the crystallization and separation 
step and subjected to a cooling and kneading step to 
obtain additional crystalline mixture solid containing 
maltitol. Following these steps, this invention makes it 
possible for the first time to provide such valuable crys- 
talline mixture solid containing crystalline maltitol. 

As discussed above, this invention makes it possi- 
ble to manufacture both crystalline maltitol and crystal- 
line mixture solid containing crystalline maltitol to which 
high value can be added at the same time from inexpen- 
sive syrup having a maltose purity of 81 to 90 % in the 
solid component manufactured by using enzyme of gen- 
eral use. Because the manufacturing process of this 
invention results in little by-product to which high value 
cannot be added and the separation effectiveness in the 
chromatographic separation step is very high, the cost 
for condensing the syrup is decreased. As a result, 
according to this invention, crystalline maltitol and crys- 
talline mixture solid containing crystalline maltitol can 
be manufactured less expensively than those manufac- 
tured by a conventional process. 

Preferred Examples 

This invention is further discussed below in detail 
by making reference to test examples and examples. 
The technical scope of this invention is not, however, 
limited by the explanation which will be discussed 
below. 

In the examples which will be discussed below, 
unless it is specifically indicated otherwise, % indicates 
% by weight. 

Example 1 

(First Step) 

A commercially available aqueous solution of high 
purity maltose (mid. by NIHON SHOKUHIN KAKO K.K., 
concentration: 65%, sugar composition in the solid com- 
ponent: maltose: 87.7%, glucose: 8.1%, sugar of equal 
or more than DP3: 4.2%) was reduced under the exist- 
ence of Raney nickel catalyst at a hydrogen pressure of 
lOOkg/cm 2 and 130 °C for 1 hour, to obtain aqueous 
solution of maltitol. The sugar composition in the solid 
component of the resulting aqueous solution of maltitol 
was that maltitol was 87.4%, sorbitol was 8.4%, sugar 
alcohol which was equal or more than DP3 was 4.2%. 

(Second Step) 

The aqueous solution of maltitol resulting from the 
first step was adjusted to have a concentration of 50 % 



and a temperature of 60 °C. 20 1 of the solution was sup- 
plied to the first column of serially connected four col- 
umns. The height of the columns was 1 m and each 
column was packed with 25 I of cation-exchange resin 
charged with sodium. The solution was provided to pass 
through the first to forth column at superficial velocity in 
a column (SV)=0.5. The solution was finally extruded 
from the column using water as eluent to recover a frac- 
tion having a high purity of maltitol. As a result, a high 
content maltitol syrup was obtained. 

The amount of solid component in the resulting high 
content maltitol syrup was 85.7 % when the amount of 
solid component in the aqueous solution of maltitol sup- 
plied to the columns was 100 %. Sugar composition in 
the solid component included 95.8 % of maltitol, 1.4 % 
of sorbitol, 2.8 % of origosaccharide alcohol which was 
equal or more than DP=3. 

Further, the solid component in the other fractions 
was 14.3 % when the amount of solid component in the 
aqueous solution of maltitol supplied to the column was 
100 %. Sugar composition in the solid component 
included 37.1 % of maltitol. 50.3 % of sorbitol, 12.6 % of 
origosaccharide alcohol which was equal or more than 
DP=3. 

(Third Step) 

After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 
tion of 79 %, a portion of the condensed syrup was 
taken out. Crystalline maltitol powder the amount of 
which was 0.2% in proportion to the solid component in 
the syrup was added to the portion under a condition at 
64 °C. The syrup was slowly stirred and cooled to 
decrease the temperature from 64 °C to 20 °C, spend- 
ing 24 hours, resulting in magma. The syrup was then 
separated by a centrifuge. The resulting crystals were 
rinsed by a small amount of water to recover the crys- 
tals. 

The purity of crystal was 99.4 % and the crystal 
yield was 41.4 % when the solid component in the high 
content maltitol syrup was 100 %. 

The concentration of the resulting molasses was 
69.9 %. The sugar composition included 93.2 % of 
maftitol, 2.4 % of sorbitol, 4.4 % of origosaccharide 
alcohol which was equal or more than DP=3. 

In turn, the remaining portion of the high content 
maftitol syrup resulting from the second step was con- 
densed to have the concentration of 95 %. The syrup 
was set at a temperature of 1 20 °C and then supplied to 
a twin-screw extruder for foods (rrrfg. by NIHON SEIKO- 
SHO K.K., TEX38FSS-20AW-V) at a rate of 22 kg/hour. 
Crystalline mixture solid powder containing crystalline 
maltitol the amount of which was about 30 % in propor- 
tion to the solid component in the syrup was added as a 
seed crystal to the syrup. The syrup was cooled while 
being kneaded at a speed of 60 rpm so as to decrease 
the temperature of the syrup to 40 °C during two min- 
utes in which the syrup was processed and discharged 
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from the extruder. The syrup was discharged from 
twelve extruding pores having a diameter of 4 mm, 
resulting in maltitol magma. 

The maltitol magma was cooled, dried and crashed 
to obtain crystalline mixture solid powder containing 
crystalline maltitol. 

The purity of said crystalline mixture solid obtained 
was 95.7%. 

When the high content maltitol syrup used in the 
third step was divided into two portions, one portion 
being used for the separation step and the other portion 
being used for manufacturing crystalline mixture solid 
powder containing crystalline maltitol, the yield for the 
product to which high value can be added was 70.7 % in 
the solid component when the solid component in the 
high content maltitol syrup resulting from the second 
step was 100 %. This yield was significantly higher than 
those of conventional processes. 

Example 2 

(First Step) 

A commercially available aqueous solution of high 
purity maltose (mfg. by NIHON SHOKUHIN KAKO K.K., 
concentration: 60%, sugar composition in the solid com- 
ponent: maltose: 81.2%, glucose: 0.3%, sugar of equal 
or more than DP3: 18.5 %) was reduced under the 
existence of Raney nickel catalyst at a hydrogen pres- 
sure of lOOkg/cm 2 and 130 °C for 60 minutes, to obtain 
aqueous solution of maltitol. 

The sugar composition in the solid component of 
the resulting aqueous solution of maltitol was that malti- 
tol was 81.0 %, sorbitol was 0.5 %, sugar alcohol which 
was equal or more than DP3 was 18.5 %. 

(Second Step) 

The aqueous solution of maltitol resulting from the 
first step was adjusted to have a concentration of 50 % 
and a temperature of 60 °C. 20 1 of the solution was sup- 
plied to a column. The height of the column was 0.8 m 
and the column was packed with 20 I of cation- 
exchange resin charged with sodium. The solution was 
provided to pass through the column at superficial 
velocity in a column (SV)=0.4. The solution was finally 
extruded from the column using water as eluent to 
recover a fraction having a high purity of maltitol. As a 
result, a high content maltitol syrup was obtained. 

Sugar composition in the solid component of the 
resulting high content maltitol syrup included 98.0 % of 
maltitol, 0.7 % of sorbitol, 1 .3 % of sugar alcohol which 
was equal or more than DP3. 

(Third Step) 

After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 
tion of 78.5 %, a portion of the condensed syrup was 



taken out. Crystalline maltitol powder the amount of 
which was 0.2% in proportion to the solid component in 
the syrup was added to the portion under a condition at 
64 °C. The syrup was slowly stirred and cooled to 
5 decrease the temperature from 64 °C to 20 °C, spend- 
ing 24 hours, resulting in magma. The syrup was then 
separated by a centrifuge. The resulting crystals were 
rinsed by a small amount of water to recover the crys- 
tals. 

10 The purity of crystal was 99.8 % and the crystal 

yield was 45.5 % when the solid component in the high 

content maltitol syrup was 100 %. 

The concentration of the resulting molasses was 

66.6 %. The sugar component included 96.5 % of marti- 
15 tol, 1 .7 % of sorbitol, 1 .8 % of origosaccharide alcohol 

which was equal or more than DP=3. 

(Forth Step) 

20 The molasses resulting from the third step was 
mixed with the remaining portion of the high content 
maltitol syrup resulting from the second step in a ratio of 
2 to 1 . The mixture was condensed to have a concentra- 
tion of 95 % and then adjusted to have a temperature of 
25 121 °C. It was then supplied to a twin-screw extruder for 
foods (mfg. by NIHON SEIKOSHO K.K., TEX38FSS- 
20AW-V) at a rate of 25kg/hour. Crystalline mixture solid 
powder containing crystalline maltitol the amount of 
which was about 30 % in proportion to the solid compo- 
30 nent in the syrup was added as a seed crystal to the 
syrup. The syrup was cooled while being kneaded at a 
speed of 60 rpm so as to decrease the temperature of 
the syrup to 38 °C during two minutes in which the syrup 
was processed and discharged from the extruder. The 
35 syrup was discharged from twelve extruding pores hav- 
ing a diameter of 4 mm, resulting in maltitol magma. 

The maltitol magma was cooled, dried and crashed 
to obtain crystalline mixture solid powder containing 
crystalline maltitol. 
40 The purity of crystalline mixture solid obtained was 
96.9%. 

Example 3 



A commercially available aqueous solution of high 
purity maltose (mfg. by NIHON SHOKUHIN KAKO K.K., 
concentration: 60%, sugar composition in the solid com- 
ponent: maltose: 84.6 %, glucose: 7.8 %, sugar of equal 
or more than DP3: 7.6 %) was reduced under the exist- 
ence of Raney nickel catalyst at a hydrogen pressure of 
130 kg/cm 2 and 120 °C for 1 .2 hours, to obtain aqueous 
solution of maltitol. The sugar composition in the solid 
component of the resulting aqueous solution of maltitol 
was that maltitol was 84.4 %, sorbitol was 8.0 %, sugar 
alcohol which was equal or more than DP3 was 7.6 %. 



25 



30 



35 



40 



45 (First Step) 



50 



7 



13 ^ EP 0 741 140 A1 



14 



(Second Step) 

The aqueous solution of maltitol resulting from the 
first step was adjusted to have a concentration off 50 % 
and a temperature of 60 °C. 1 5 1 of the solution was sup- s 
plied to a column. The height of the column was 0.8 m 
and the column was packed with 20 I of cation- 
exchange resin charged with sodium. The solution was 
provided to pass through the column at superficial 
velocity in a column (SV)=0.5. The solution was finally 10 
extruded from the column using water as eluent to 
recover a fraction having a high purity of maltitol. As a 
result, a high content maltitol syrup was obtained. 

Sugar composition in the solid component of the 
resulting high content maltitol syrup included 98.2 % of is 
maltitol, 1.2 % of sorbitol, 0.6 % of sugar alcohol which 
was equal or more than DP3. 

<Third Step) 

20 

After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 
tion of 79.5 %, a portion of the condensed syrup was 
taken out. Crystalline maltitol powder the amount of 
which was 0.2% in proportion to the solid component in 25 
the syrup was added to the portion under a condition at 
63 °C. The syrup was slowly stirred and cooled to 
decrease the temperature from 63 °C to 20 °C, spend- 
ing 24 hours, resulting in magma. The syrup was then 
separated by a centrifuge. The resulting crystals were 30 
rinsed by a small amount of water to recover the crys- 
tals. 

The purity of crystal was 99.8 % and the crystal 
yield was 49.3 % when the solid component in the high 
content maltitol syrup was 1 00 %. 35 

The concentration of the resulting molasses was 
66.5 %. The sugar composition included 96.6 % of 
maltitol, 1.8 % of sorbitol, 1.6 % of Oligosaccharide 
alcohol which was equal or more than DP=3. 

40 

(Forth Step) 

The molasses resulting from the third step was con- 
densed to have a concentration of 95 % and then 
adjusted to have a temperature of 120 °C. ft was then as 
supplied to a twin-screw extruder for foods (mfg. by 
NIHON SEIKOSHO K.K., TEX38FSS-20AW-V) at a rate 
of 22kg/hour. Crystalline mixture solid powder contain- 
ing crystalline maltitol the amount of which was about 
30 % in proportion to the solid component in the syrup so 
was added as a seed crystal to the syrup. The syrup 
was cooled while being kneaded at a speed of 60 rpm 
so as to decrease the temperature of the syrup to 40 °C 
during two minutes in which the syrup was processed 
and discharged from the extruder. The syrup was dis- ss 
charged from twelve extruding pores having a diameter 
of 4 mm, resulting in maltitol magma. 



The maltitol magma was cooled, dried and crashed 
to obtain crystalline mixture solid powder containing 
crystalline maltitol. 

The purity of crystalline mixture solid obtained was 
96.9%. 

Example 4 

(First Step) 

A commercially available aqueous solution of high 
purity maltose (mfg. by NIHON SHOKUHIN KAKO K.K., 
concentration: 65%, sugar composition in the solid com- 
ponent: maltose: 88.4 %, glucose: 7.0 %, sugar of equal 
or more than DP3: 4.6 %) was reduced under the same 
conditions of the reduction step in the first step of Exam- 
ple 1 , to obtain aqueous solution of maltitol. 

The sugar composition in the solid component of 
the resulting aqueous solution of maltitol was that malti- 
tol was 88.2 %, sorbitol was 7.2 %, sugar alcohol which 
was equal or more than DP3 was 4.6 %. 

(Second Step) 

The aqueous solution of maltitol resulting from the 
first step was adjusted to have a concentration of 60 % 
and a temperature of 60 °C. 22 1 of the solution was sup- 
plied to a column which was packed with 300 1 of cation- 
exchange resin charged with sodium. The solution was 
provided to pass through the column at superficial 
velocity in a column (SV)=0.4. The solution was finally 
extruded from the column using water as eluent to 
recover a fraction having a high purity of maltitol. As a 
result, a high content maltitol syrup was obtained. 

The amount of solid component in the resulting high 
content maltitol syrup was 74.2 % when the amount of 
solid component in the aqueous solution of maltitol sup- 
plied to the column was 100 %. Sugar composition in 
the solid component included 95.1 % of maltitol, 1.8 % 
of sorbitol, 3.1 % of origosaccharide alcohol which was 
equal or more than DP=3. 

Further, the solid component in the other fractions 
was 25.8 % when the amount of solid component in the 
aqueous solution of maltitol supplied to the column was 
100 %. Sugar composition in the solid component 
included 68.4 % of maltitol, 22.7 % of sorbitol, 8.9 % of 
origosaccharide alcohol which was equal or more than 
DP=3. 

(Third Step) 

After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 
tion of 80 %, a portion of the condensed syrup was 
taken out. Crystalline maltitol powder the amount of 
which was 0.2% in proportion to the solid component in 
the syrup was added to the portion under a condition at 
63 °C. The syrup was slowly stirred and cooled to 
decrease the temperature from 63 °C to 20 °C, spend- 
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ing 24 hours, resulting in magma. The syrup was then 
separated by a centrifuge. The resulting crystals were 
rinsed by a small amount of water to recover the crys- 
tals. 

The purity of crystal was 99.5 % and the crystal 
yield was 52 % when the solid component in the high 
content maltitol syrup was 100 %. 

The concentration of the resulting molasses was 
61.4 %. The sugar composition included 90.4 % of 
maltitol, 3.5 % of sorbitol, 6.1 % of origosaccharide 
alcohol which was equal or more than DP=3. 

Further, the remaining portion of the high content 
maltitol syrup resulting from the second step was con- 
densed to have the concentration of 97 % and then 
adjusted to have a temperature of 90 °C. It was then 
supplied to a twin-screw extruder for foods (mfg. by 
NIHON SEIKOSHO K.K., TEX38FSS-20AW-V) at a rate 
of 20 kg/hour. Crystalline mixture solid powder contain- 
ing crystalline maltitol the amount of which was about 
30 % in proportion to the solid component in the syrup 
was added as a seed crystal to the syrup. The syrup 
was cooled while being kneaded at a speed of 60 rpm 
so as to decrease the temperature of the syrup to 40 °C 
during two minutes in which the syrup was processed 
and discharged from the extruder. The syrup was dis- 
charged from twelve extruding pores having a diameter 
of 4 mm, resulting in maltitol magma. 

The maltitol magma was subjected to the same 
steps discussed in Example 3, to obtain crystalline mix- 
ture solid powder containing crystalline maltitol. The 
purity of crystalline mixture solid obtained was 95 %. 

Example 5 

(First Step) 

A commercially available aqueous solution of high 
purity maltose (mfd. by NIHON SHOKUHIN KAKO K.K., 
concentration: 60%, sugar composition in the solid com- 
ponent: maltose: 85.1 %, glucose: 0.3 %, sugar of equal 
or more than DP3: 14.6 %) was reduced under the 
existence of Raney nickel catalyst at a hydrogen pres- 
sure of 150 kg/cm 2 and 120 °C for 120 minutes, to 
obtain aqueous solution of maltitol. The sugar composi- 
tion in the solid component of the resulting aqueous 
solution of maltitol was that maltitol was 85.0 %, sorbitol 
was 0.5 %, sugar alcohol which was equal or more than 
DP3 was 14.5 %. 

(Second Step) 

The aqueous solution of maltitol resulting from the 
first step was adjusted to have a concentration of 60 %. 
20 I of the solution was supplied to a column which was 
packed with 300 1 of cation- exchange resin charged with 
sodium. The solution was provided to pass through the 
column at superficial velocity in a column (SV)=0.3. The 
solution was finally extruded from the column using 
water as eluent to recover a fraction having a high purity 



of maltitol. As a result, a high content maltitol syrup was 
obtained. 

Sugar composition in the solid component of the 
resulting high content maltitol syrup included 98.0 % of 
s maltitol, 0.7 % of sorbitol, 1 .3 % of sugar alcohol which 
was equal or more than DP3. 

(Third Step) 

10 After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 
tion of 78 %, a portion of the condensed syrup was 
taken out. Crystalline maltitol powder the amount of 
which was 0.5 % in proportion to the solid component in 

is the syrup was added to the portion under a condition at 
62 °C. The syrup was slowly stirred and cooled to 
decrease the temperature from 62 °C to 20 °C, spend- 
ing 24 hours, resulting in magma. The syrup was then 
separated by a centrifuge. The resulting crystals were 

20 rinsed by a small amount of water to recover the crys- 
tals. 

The purity of crystal was 99.8 % and the crystal 
yield was 56 % when the solid component in the high 
content maltitol syrup was 100 %. 
25 The concentration of the resulting molasses was 
63.4 %. The sugar composition included 95.6 % of 
maltitol, 1.5 % of sorbitol, 2.9 % of origosaccharide 
alcohol which was equal or more than DP=3. 

30 (Forth Step) 

The molasses resulting from the third step was 
mixed with the remaining portion of the high content 
maltitol syrup resulting from the second step in a ratio of 

35 7 to 3. The mixture was condensed to have a concentra- 
tion of 97 % and then adjusted to have a temperature of 
90 °C. It was then supplied to a twin-screw extruder for 
foods (mfg. by NIHON SEIKOSHO K.K.. TEX38FSS- 
20AW-V) at a rate of 25kg/hour. Crystalline mixture solid 

40 powder containing crystalline maltitol the amount of 
which was about 30 % in proportion to the solid compo- 
nent in the syrup was added as a seed crystal to the 
syrup. The syrup was cooled while being kneaded at a 
speed of 60 rpm so as to decrease the temperature of 

45 the syrup to 40 °C during two minutes in which the syrup 
was processed and discharged from the extruder. The 
syrup was discharged from twelve extruding pores hav- 
ing a diameter of 4 mm, resulting in maltitol magma. 
The maltitol magma was subjected to the same 

so steps discussed in Example 3 to obtain crystalline mix- 
ture solid powder containing crystalline maltitol. The 
purity of crystalline mixture solid obtained was 96.5%. 

Example 6 

55 

(First Step) 

A commercially available aqueous solution of high 
purity maltose (mfd. by NIHON SHOKUHIN KAKO K.K., 



9 



17 ^ EP 0 741 140 A1 



18 



concentration: 60%, sugar composition in the solid com- 
ponent: maltose: 81 .6 %, glucose: 1 .5 %, sugar of equal 
or more than DP3: 16.9 %) was reduced under the 
existence of Raney nickel catalyst at a hydrogen pres- 
sure of 100 kg/cm 2 and 130 °C for 120 minutes, to 5 
obtain aqueous solution of maltitol. 

The sugar composition in the solid component of 
the resulting aqueous solution of maltitol was that malti- 
tol was 81 .2 %, sorbitol was 1.9%, sugar alcohol which 
was equal or more than DP3 was 16.9 %. 10 

(Second Step) 

The aqueous solution of maltitol resulting from the 
first step was adjusted to have a concentration of 60 % is 
and a temperature of 60 °C. 22 1 of the solution was sup- 
plied to a column which was packed with 300 1 of cation- 
exchange resin charged with sodium. The solution was 
provided to pass through the column at superficial 
velocity in a column (SV)=0.3. The solution was finally 20 
extruded from the column using water as eluent to 
recover a fraction having a high purity of maltitol. As a 
result, a high content maltitol syrup was obtained. 

Sugar composition in the solid component of the 
resulting high content maltitol syrup included 97.6 % of 25 
maltitol, 0.5 % of sorbitol, 1 .9 % of sugar alcohol which 
was equal or more than DP3. 

(Third Step) 

30 

After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 
tion of 82 %, a portion of the condensed syrup was 
taken out. Crystalline maltitol powder the amount of 
which was 0.15% in proportion to the solid component 35 
in the syrup was added to the portion under a condition 
at 65 °C. The syrup was slowly stirred and cooled to 
decrease the temperature from 65 °C to 25 °C, spend- 
ing 24 hours, resulting in magma. The syrup was then 
separated by a centrifuge. The resulting crystals were 40 
rinsed by a small amount of water to recover the crys- 
tals. 

The purity of crystal was 99.6 % and the crystal 
yield was 54 % when the solid component in the high 
content maltitol syrup was 100 %. 45 

The concentration of the resulting molasses was 
67.4 %. The sugar composition included 95.3 % of 
maltitol, 1.0 % of sorbitol, 3.7 % of origosaccharide 
alcohol which was equal or more than DP=3. 

50 

(Forth Step) 

Further, the molasses resulting from the third step 
was condensed to have a concentration of 97 % and 
then adjusted to have a temperature of 90 °C. It was ss 
then supplied to a twin-screw extruder for foods (mfg. by 
NIHON SEIKOSHO K.K., TEX38FSS-20AW-V) at a rate 
of 25 kg /hour. Crystalline mixture solid powder contain- 
ing crystalline maltitol the amount of which was about 



30 % in proportion to the solid component in the syrup 
was added as a seed crystal to the syrup. The syrup 
was cooled while being kneaded at a speed of 60 rpm 
so as to decrease the temperature of the syrup to 40 °C 
during two minutes in which the syrup was processed 
and discharged from the extruder. The syrup was dis- 
charged from twelve extruding pores having a diameter 
of 4 mm, resulting in maltitol magma. 

The maltitol magma was cooled, dried and crashed 
to obtain crystalline mixture solid powder containing 
crystalline maltitol. The purity of crystalline mixture solid 
obtained was 95.2 %. 

Example 7 

(First Step) 

A commercially available aqueous solution of high 
purity maltose (mfd. by NIHON SHOKUHIN KAKO K.K., 
concentration: 65%, sugar composition in the solid com- 
ponent: maltose: 87.2 %, glucose: 4.1 %, sugar of equal 
or more than DP3: 8.7 %) was reduced under the exist- 
ence of Raney nickel catalyst at a hydrogen pressure of 
100 kg/cm 2 and 130 °C for 1 hour, to obtain aqueous 
solution of maltitol. The sugar composition in the solid 
component of the resulting aqueous solution of maltitol 
was that maltitol was 87.0 %, sorbitol was 4.3 %, sugar 
alcohol which was equal or more than DP3 was 8.7 %. 

(Second Step) 

The aqueous solution of maltitol resulting from the 
first step was adjusted to have a concentration of 50 % 
and a temperature of 60 °C. 20 1 of the solution was sup- 
plied to the first column of serially connected four col- 
umns. The height of the columns was 1 m and each 
column was packed with 25 I of cation-exchange resin 
charged with calcium. The solution was provided to 
pass through the first to forth column at superficial 
velocity in a column (SV)=0.5. The solution was finally 
extruded from the column using water as eluent to 
recover a fraction having a high purity of maltitol. As a 
result a high content maltitol syrup was obtained. 

The amount of solid component in the resulting high 
content maltitol syrup was 87.4 % when the amount of 
solid component in the aqueous solution of maltitol sup- 
plied to the columns was 100 %. Sugar composition in 
the solid component included 93.5 % of maltitol, 1.4 % 
of sorbitol, 5.1 % of sugar alcohol which was equal or 
more than DP3. 

Further, the solid component in the other fractions 
was 12.6 % when the amount of solid component in the 
aqueous solution of maltitol supplied to the column was 
100 %. Sugar composition in the solid component 
included 41 .9 % of maltitol, 24.4 % of sorbitol, 33.7 % of 
origosaccharide alcohol which was equal or more than 
DP3. 
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(Third Step) 

After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 
tion of 81 %, a portion of the condensed syrup was s 
taken out. Crystalline maltitol powder the amount of 
which was 0.2 % in proportion to the solid component in 
the syrup was added to the portion under a condition at 
66 °C. The syrup was slowly stirred and cooled to 
decrease the temperature from 66 °C to 20 °C, spend- 10 
ing 24 hours, resulting in magma. The syrup was then 
subjected to a centrifugal separation. The resulting 
crystals were rinsed by a small amount of water to 
recover the crystals. 

The purity of crystal was 99.0 % and the crystal 15 
yield was 33.0 % when the solid component in the high 
content maltitol syrup was 100 %. 

The concentration of the resulting molasses was 
74.9 %. The sugar composition included 90.8 % of 
maltitol, 2.0 % of sorbitol, 7.2 % of origosaccharide 20 
alcohol which was equal or more than DP3. 

Further, the remaining portion of the high content 
maltitol syrup resulting from the second step was con- 
densed to have the concentration of 95 % and then 
adjusted to have a temperature of 120 °C. It was then 25 
supplied to a twin-screw extruder for foods (mfg. by 
NIHON SEIKOSHO K.K., TEX38FSS-20AW-V) at a rate 
of 20 kg/hour. Crystalline mixture solid powder contain- 
ing crystalline maltitol the amount of which was about 
30 % in proportion to the solid component in the syrup 30 
was added as a seed crystal to the syrup. The syrup 
was cooled while being kneaded at a speed of 60 rpm 
so as to decrease the temperature of the syrup to 38 °C 
during two minutes in which the syrup was processed 
and discharged from the extruder. The syrup was dis- 35 
charged from twelve extruding pores having a diameter 
of 4 mm, resulting in maltrtol magma. 

The maltitol magma was cooled, dried and crashed 
to obtain crystalline mixture solid powder containing 
crystalline maltitol. The purity of said crystalline mixture 40 
solid obtained was 93.5 %. 

Example 8 

(First Step) 45 

A commercially available aqueous solution of high 
purity maltose (mfd. by NIHON SHOKUHIN KAKO K.K.. 
concentration: 60%, sugar composition in the solid com- 
ponent: maltose: 84.6 %, glucose: 7.8 %, sugar of equal so 
or more than DP3: 7.6 %) was reduced under the exist- 
ence of Raney nickel catalyst at a hydrogen pressure of 
100 kg/cm 2 and 130 °C for 60 minutes, to obtain aque- 
ous solution of maltitol. 

The sugar composition in the solid component of ss 
the resulting aqueous solution of maltitol was that malti- 
tol was 84.4 %, sorbitol was 8.0 %, origosaccharide 
alcohol which was equal or more than DP3 was 7.6 %. 



(Second Step) 

The aqueous solution of maftrtol resulting from the 
first step was adjusted to have a concentration of 50 % 
and a temperature of 60 °C. 20 1 of the solution was sup- 
plied to a column. The height of the column was 0.8 m 
and the column was packed with 20 I of cation- 
exchange resin charged with sodium. The solution was 
provided to pass through the column at superficial 
velocity in a column (SV)=0.4. The solution was finally 
extruded from the column using water as eluent to 
recover a fraction having a high purity of maltitol. As a 
result, a high content maltitol syrup was obtained. 

The amount of solid component in the resulting high 
content maltitol syrup was 80 % when the amount of 
solid component in the aqueous solution of maltitol sup- 
plied to the column was 100 %. The sugar composition 
in the solid component of the resulting syrup included 
93.5 % of maltitol, 1 .4 % of sorbitol, 5.1 % of origosac- 
charide alcohol which was equal or more than DP3. 

Further, the amount of solid component in the other 
fractions was 20 % when the amount of solid compo- 
nent in the aqueous solution of maltitol supplied to the 
column was 100 %. Sugar composition in the solid com- 
ponent included 48.0 % of maltitol, 34.4 % of sorbitol, 
176 % of origosaccharide alcohol which was equal or 
more than DP3. 

(Third Step) 

After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 
tion of 81 %, a portion of the condensed syrup was 
taken out. Crystalline maltrtol powder the amount of 
which was 0.2 % in proportion to the solid component in 
the syrup was added to the portion under a condition at 
66 °C. The syrup was slowly stirred and cooled to 
decrease the temperature from 66 °C to 20 °C, spend- 
ing 24 hours, resulting in magma. The syrup was then 
subjected to a centrifugal separation. The resulting 
crystals were rinsed by a small amount of water to 
recover the crystals. 

The purity of crystal was 99.0 % and the crystal 
yield was 32.0 % when the solid component in the high 
content maltitol syrup was 100 %. 

Hie concentration of the resulting molasses was 
75.2 %. The sugar composition included 90.9 % of 
maltrtol, 2.1 % of sorbitol, 7.0 % of origosaccharide 
alcohol which was equal or more than DP3. 

(Forth Step) 

The molasses resulting from the third step was 
mixed with the remaining portion of the high content 
maltitol syrup resulting from the second step in a ratio of 
1 to 4. The mixture was condensed to have a concentra- 
tion of 95 % and then adjusted to have a temperature of 
121 °C. It was then supplied to a twin-screw extruder for 
foods (mfg. by NIHON SEIKOSHO K.K., TEX38FSS- 
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20AW-V) at a rate of 21 kg/hour. Crystalline mixture solid 
powder containing crystalline maltitol the amount of 
which was about 30 % in proportion to the solid compo- 
nent in the syrup was added as a seed crystal to the 
syrup. The syrup was cooled while being kneaded at a 
speed of 60 rpm so as to decrease the temperature of 
the syrup to 36 °C during two minutes in which the syrup 
was processed and discharged from the extruder. The 
syrup was discharged from twelve extruding pores hav- 
ing a diameter of 4 mm, resulting in maltitol magma. 

The maltitol magma was cooled, dried, and crashed 
to obtain crystalline mixture solid powder containing 
crystalline maltitol. The purity of crystalline mixture solid 
obtained was 93.5%. 

Example 9 

(First Step) 

A commercially available aqueous solution of high 
purity maltose having the same sugar composition used 
in the first step of Example 5 was adjusted to have a 
concentration of 35 %, and then reduced by Raney 
nickel catalyst, imposed a hydrogen pressure of 100 
kg/cm 2 , under a condition at a temperature of 120 °C for 
a reaction time of 90 minutes, to obtain aqueous solu- 
tion of maltitol. The sugar composition in the solid com- 
ponent of the resulting aqueous solution of maltitol was 
that maltitol was 85.0 %, sorbitol was 0.5 %, origosac- 
charide alcohol which was equal or more than DP3 was 
14.5 %. 

(Second Step) 

The aqueous solution of maltitol resulting from the 
first step was adjusted to have a concentration of 60 % 
and a temperature of 60 °C. 20 1 of the solution was sup- 
plied to a column. The height of the column was 0.8 m 
and the column was packed with 20 I of cation- 
exchange resin charged with sodium. The solution was 
provided to pass through the column at superficial 
velocity in a column (SV)=0.4. The solution was finally 
extruded from the column using water as eluent to 
recover a fraction having a high purity of maltitol. As a 
result, a high content maltitol syrup was obtained. 

The amount of solid component in the resulting high 
content maltitol syrup was 73 % when the amount of 
solid component in the aqueous solution of maltitol sup- 
plied to the column was 100 %. The sugar composition 
in the solid component of the resulting syrup included 
94.2 % of maltitol, 0.3 % of sorbitol, 5.5 % of Oligosac- 
charide alcohol which was equal or more than DP3. 

Further, the amount of solid component in the other 
fractions was 27 % when the amount of solid compo- 
nent in the aqueous solution of maltitol supplied to the 
column was 100 %. Sugar composition in the solid com- 
ponent included 60.1 % of maltitol, 1.0 % of sorbitol, 
38.9 % of origosaccharide alcohol which was equal or 
more than DP3. 



(Third Step) 

After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 

5 tion of 84 %, a portion of the condensed syrup was 
taken out. Crystalline maltitol powder the amount of 
which was 0.2 % in proportion to the solid component in 
the syrup was added to the portion under a condition at 
67 °C. The syrup was slowly stirred and cooled to 

10 decrease the temperature from 66 °C to 20 °C, spend- 
ing 48 hours, resulting in magma. The syrup was then 
subjected to a centrifugal separation. The resulting 
crystals were rinsed by a small amount of water to 
recover the crystals. 

is The purity of crystal was 98.5 % and the crystal 
yield was 46.2 % when the solid component in the high 
content maltitol syrup was 100 %. 

The concentration of the resulting molasses was 
76.4 %. The sugar composition included 90.5 % of 

20 maltitol, 0.5 % of sorbitol, 9.0 % of origosaccharide 
alcohol which was equal or more than DP3. 

(Forth Step) 

25 The molasses resulting from the third step was 
mixed with the remaining portion of the high content 
maltitol syrup resulting from the second step in a ratio of 
4 to 6. The mixture was condensed to have a concentra- 
tion of 95 % and then adjusted to have a temperature of 
30 1 20 °C. It was then supplied to a twin-screw extruder for 
foods (mfg. by NIHON SEIKOSHO K.K., TEX38FSS- 
20AW-V) at a rate of 20kg/hour. Crystalline mixture solid 
powder containing crystalline maltitol the amount of 
which was about 30 % in proportion to the solid compo- 
35 nent in the syrup was added as a seed crystal to the 
syrup. The syrup was cooled while being kneaded at a 
speed of 60 rpm so as to decrease the temperature of 
the syrup to 36 °C during two minutes in which the syrup 
was processed and discharged from the extruder. The 
40 syrup was discharged from twelve extruding pores hav- 
ing a diameter of 4 mm, resulting in maltitol magma. 

The maltitol magma was cooled, dried and crashed 
to obtain crystalline mixture solid powder containing 
crystalline maltitol. The purity of crystalline mixture solid 
45 obtained was 92.2 % and other component contained in 
the solid included 0.4 % of sorbitol, and 7.4 % of ori- 
gosaccharide alcohol which was equal or more than 
DP3. 



(First Step) 

A commercially available aqueous solution of high 
55 purity maltose having the same sugar composition used 
in the first step of Example 2 was adjusted to have a 
concentration of 50 %, and then reduced under the 
existence of Raney nickel catalyst at a hydrogen pres- 
sure of 100 kg/cm 2 and 130 °C for 1.0 hour, to obtain 
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aqueous solution of mattitol. The sugar composition in 
the solid component of the resulting aqueous solution of 
maltitol was that maftitol was 81 .0 %, sorbitol was 0.5 %, 
origosaccharide alcohol which was equal or more than 
DP3 was 18.5 %. 

(Second Step) 

The aqueous solution of maltitol resulting from the 
first step was adjusted to have a concentration of 60 % 
and a temperature of 60 °C. 1 5 1 of the solution was sup- 
plied to a column. The height of the column was 0.8 m 
and the column was packed with 20 I of cation- 
exchange resin charged with sodium. The solution was 
provided to pass through the column at superficial 
velocity in a column (SV)=0.5. The solution was finally 
extruded from the column using water as eluerrt to 
recover a fraction having a high purity of maltitol. As a 
result, a high content maltitol syrup was obtained. 

Sugar composition in the solid component of the 
resulting high content maltitol syrup included 94.8 % of 
maltitol, 0.2 % of sorbitol, 5.0 % of origosaccharide 
alcohol which was equal or more than DP3. 

(Third Step) 

After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 
tion of 84 %, a portion of the condensed syrup was 
taken out. Crystalline maltitol powder the amount of 
which was 0.2 % in proportion to the solid component in 
the syrup was added to the portion under a condition at 
67 °C. The syrup was slowly stirred and cooled to 
decrease the temperature from 67 °C to 20 °C, spend- 
ing 48 hours, resulting in magma. The syrup was then 
separated by a centrifuge. The resulting crystals were 
rinsed by a small amount of water to recover the crys- 
tals. 

The purity of crystal was 98.6 % and the crystal 
yield was 46.5 % when the solid component in the high 
content mattitol syrup was 100 %. 

The concentration of the resulting molasses was 
76.3 %. The sugar composition included 91.4 % of 
maltitol, 0.3 % of sorbitol, 8.2 % of origosaccharide 
alcohol which was equal or more than DP=3. 

(Forth Step) 

Further, the molasses resulting from the third step 
was condensed to have a concentration of 95 % and 
then adjusted to have a temperature of 120 °C. It was 
then supplied to a twin-screw extruder for foods (mfg. by 
NIHON SEIKOSHO K.K., TEX38FSS-20AW-V) at a rate 
of 20 kg/hour. Crystalline mixture solid powder contain- 
ing crystalline maltitol the amount of which was about 
30 % in proportion to the solid component in the syrup 
was added as a seed crystal to the syrup. The syrup 
was cooled while being kneaded at a speed of 60 rpm 
so as to decrease the temperature of the syrup to 40 °C 



during two minutes in which the syrup was processed 
and discharged from the extruder. The syrup was dis- 
charged from twelve extruding pores having a diameter 
of 4 mm, resulting in maltitol magma. 

s The maltitol magma was cooled, dried and crashed 

to obtain crystalline mixture solid powder containing 
crystalline maltitol. The purity of crystalline mixture solid 
obtained was 91 .6 %. The other component contained 
in the solid included 0.3 % of sorbitol, and 8.1 % of ori- 

10 gosaccharide alcohol which was equal or more than 
DP=3. 

Example 1 1 

is (First Step) 

The first step of Example 10 was undertaken, to 
obtain aqueous solution of maltitol, the sugar composi- 
tion in the solid component of which aqueous solution 
20 was that maftitol was 81.0 %, sorbitol was 0.5 %, ori- 
gosaccharide alcohol which was equal or more than 
DP3 was 18.5%. 

(Second Step) • 

25 

The aqueous solution of maltitol resulting from the 
first step was adjusted to have a concentration of 50 % 
and a temperature of 60 °C. 1 5 1 of the solution was sup- 
plied to a column. The height of the column was 0.8 m 

30 and the column was packed with 20 I of cation- 
exchange resin charged with sodium. The solution was 
provided to pass through the column at superficial 
velocity in a column (SV)=0.5. The solution was finally 
extruded from the column using water as eluerrt to 

35 recover a fraction having a high purity of maltitol. As a 
result, a high content maltitol syrup containing 93.2 % of 
maltitol, 0.3 % of sorbitol, 6.5 % of origosaccharide 
alcohol which was equal or more than DP3 was 
obtained. 

40 The amount of solid component in the resulting high 
content maltitol syrup fraction was 80 % when the 
amount of solid component in the aqueous solution of 
maltitol supplied to the column was 100 %. 

45 (Third Step) 

After the high content maltitol syrup resulting from 
the second step was condensed to have the concentra- 
tion of 75 %, a portion of the condensed syrup was 

so taken out. Crystalline maltitol powder the amount of 
which was 0.3 % in proportion to the solid component in 
the syrup was added to the portion under a condition at 
65 °C. The syrup was slowly stirred and cooled to 
decrease the temperature from 65 °C to 20 °C, spend- 

55 ing 24 hours, resulting in magma. The syrup was then 
separated by a centrifuge. The resulting crystals were 
rinsed by a small amount of water to recover the crys- 
tals. 



13 



25 



EP0 741 140 A1 



26 



The purity of crystal was 99.2 % and the crystal 
yield was 26.8 % when the solid component in the high 
content maltitol syrup was 100 %. 

The concentration of the resulting molasses was 
69.8 %. The sugar composition included 91.0 % of 5 
maltitol, 0.3 % of sorbitol, 8.6 % of origosaccharide 
alcohol which was equal or more than DP=3. 

(Forth Step) 

10 

Further, the molasses resulting from the third step 
was condensed to have a concentration of 95 % and 
then adjusted to have a temperature of 120 °C. It was 
then supplied to a twin-screw extruder for foods (mfg. by 
NIHON SEIKOSHO K.K., TEX38FSS-20AW-V) at a rate 15 
of 20 kg/hour. Crystalline mixture solid powder contain- 
ing crystalline maltitol the amount of which was about 
30 % in proportion to the solid component in the syrup 
was added as a seed crystal to the syrup. The syrup 
was cooled while being kneaded at a speed of 60 rpm 20 
so as to decrease the temperature of the syrup to 40 °C 
during two minutes in which the syrup was processed 
and discharged from the extruder. The syrup was dis- 
charged from twelve extruding pores having a diameter 
of 4 mm, resulting in maltitol magma. 25 

The maltitol magma was cooled, dried and crashed 
to obtain crystalline mixture solid powder containing 
crystalline maltitol. The purity of crystalline mixture solid 
obtained was 89.4 %. The other component contained 
in the solid included 0.3 % of sorbitol, and 8.3 % of ori- 30 
gosaccharide alcohol which was equal or more than 
DP3. 

Example 12 

35 

After the fraction having a high purity of maltitol 
resulting from the second step in Example 9 was con- 
densed to have the concentration of 75 % and heated to 
have a temperature of 100 °C, the fraction was supplied 
to massecuite preparative pool, and then cooled down 40 
with stirring to 15 °C, spending 30 minutes. Crystalline 
maltitol fine powder the amount of which was 2 % in pro- 
portion to the solid component in the aqueous solution 
of maltitol was added to the fraction. By continuing to 
stir the fraction for 5 hours, maltitol massecuite having 45 
35 % of suspended crystal was obtained. 

Further, maintaining the massecuite at a tempera- 
ture of 15 °C, the massecuite was supplied to the spray- 
dryer of an atomizer type having an inner diameter of 8 
m, while respectively controlling the condition of tern- so 
perature for supplying the massecuite at a temperature 
of 70 °C and that for exiting the massecuite at a temper- 
ature of 40 °C. It was then spray-dried. As a result, 
maltitol powder was obtained. 

The powder deposited on the floor of spray-dryer 55 
had water content of 4.8 %. The powder was matured 
for 5 hours at a temperature of 40°C, and dried in a 
dryer at a temperature of 95 °C, for 1 hour, resulting in a 
crystalline mixture solid containing crystalline maltitol of 



a good flowability containing water content of 0.3 %, 
and having an angle of repose being 32 degree and a 
purity of 94.1 %. 

Example 13 

The molasses resulting the third step of Example 6 
was subjected to the step of Example 12 to obtain malti- 
tol powder. The powder deposited on the floor of spray- 
dryer had water content of 4.6 %. As discussed in 
Example 12, the powder was matured and dried, result- 
ing in a crystalline mixture solid containing crystalline 
maltitol of a good flowability containing water content of 
0.3 %, and having an angle of repose being 32 degree 
and a purity of 95.3 %. 

Comparative Example 1 

A commercially available maltose syrup (mfd. by 
NIHON SHOKUHIN KAKO K.K., concentration: 60%, 
and maltose purity: 62 %) was hydrogenated under the 
existence of catalyst and subjected to a chromato- 
graphic separation according to the TOKKYO KOU- 
KOKU KOHO (Patent Publication for Opposition), Heisei 
2(1 990)-1 1599 to obtain a condensed fraction of malti- 
tol. The sugar composition in the condensed fraction 
was that sorbitol was 1 .4 % t maltitol was 90.5 %, ori- 
gosaccharide alcohol which was DP3 was 7.5 %, and 
origosaccharide alcohol which was equal or more than 
DP=4 was 0.6%. 

After the fraction was condensed to have a concen- 
tration of 90 % t 0. 1 % of a seed crystal having a maltitol 
purity of 99 % was added to 51 kg of the condensed 
fraction at a temperature of 75 °C. The fraction was fur- 
ther cooled, spending 50 hours to have a temperature of 
25 °C so that the fraction was cooled down 1 °C per 
hour by gently stirring the fraction so as to obtain a crys- 
talline slurry. This slurry was centrifuge separated, and 
rinsed by a small amount of water, resulting in 30.3 kg 
maltitol crystalline containing water content of 6.1 % 
and a purity of 99 %. (The yield was 62 %: the ratio by 
weight of the dried crystalline maltitol in proportion to 
the dried solid component in the starting material.) The 
components other than maltitol included 0.6 % of sorbi- 
tol and 0.4 % of origosaccharide alcohol which was 
equal or more than DP=3. 

The molasses which was by-product of the above 
process had a concentration of 71 .2%. The sugar com- 
position of the molasses included 2.7 % of sorbitol, 76.6 
% of maltitol, and 20.7 % of origosaccharide alcohol 
which was equal or more than DP=3. Although the 
molasses was condensed to have a concentration of 95 
%, and then subjected to the third step of Example 1 for 
preparing a crystalline mixture solid containing crystal- 
line maltitol, maltitol magma could not be obtained. The 
molasses could neither be solidified nor result in any 
crystalline maltitol mixture solid. 
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Effect of Invention 

As discussed above, this invention can manufac- 
ture both crystalline maltitol and crystalline mixture solid 
containing crystalline maltitol to which high value can be s 
added at the same time from inexpensive maltose syrup 
having a maltose purity of 81 to 90 % in the solid com- 
ponent which can be manufactured by using enzyme of 
general use such as a-amylase, p-amylase, and pullula- 
nase, without using any very expensive enzyme with a w 
peculiar use such as isoamylase. 

Further, the process of this invention results in very 
little by-product to which high value cannot be added, 
and the resulting product of this invention is effectively 
chromatographically separated, resulting in a low con- is 
densing step cost. Further, the molasses resulting from 
the step for manufacturing crystalline maltitol can be 
also used to manufacture crystalline mixture solid con- 
taining crystalline maltitol. In short, this invention is eco- 
nomically advantageous to conventional process in 20 
manufacturing crystalline maltitol and crystalline mix- 
ture solid containing crystalline maltitol. 

Claims 

25 

1 . A process for manufacturing crystalline maltitol and 
crystalline mixture solid containing the maltitol, 
characterized in that the process passes sequen- 
tially through the following processes: 

30 

1) the first step of hydrogenating syrup having 
a concentration of 30 to 75% by weight and a 
maltose content of 81 to 90% by weight in the 
solid component under the existence of cata- 
lyst to obtain corresponding syrup of sugar 35 
alcohol; 

2) the second step of chromatographically sep- 
arating said syrup of sugar alcohol by supply- 
ing said syrup of sugar alcohol to a column 
packed with cation-exchange resin to obtain 40 
high content maltitol syrup fraction having a 
maltitol purity of 92 to 99.9% by weight in the 
solid component; and 

3) the third step having a sub-step of crystalliz- 
ing, in the presence of a seed crystal, a part of 45 
syrup resulting from condensation of said high 
content maltitol syrup fraction to collect crystal- 
line maltitol, and another sub-step of spray-dry- 
ing or cooling and kneading, in the presence of 

a seed crystal, remaining part to obtain crystal- so 
line mixture solid containing crystalline maltitol. 

2. A process for manufacturing crystalline maltitol and 
crystalline mixture solid containing the maltitol, 
characterized in that the process passes sequen- 55 
tially through the following processes: 

1) the first step of hydrogenating syrup having 
a concentration of 30 to 75% by weight and a 



maltose content of 81 to 90% by weight in the 
solid component under the existence of cata- 
lyst to obtain corresponding syrup of sugar 
alcohol; 

2) the second step of chromatographically sep- 
arating said syrup of sugar alcohol by supply- 
ing said syrup of sugar alcohol to a column 
packed with cation-exchange resin to obtain 
high content maltitol syrup fraction having a 
maltitol purity of 92 to 99.9%, preferably 94 to 
99.9%, by weight in the solid component; 

3) the third step of crystallizing after a conden- 
sation of said high content maltitol syrup frac- 
tion and separating crystalline maltitol from 
mother liquor, whereby collecting crystalline 
maltitol; and 

4) the forth step of adding said high content 
maltitol syrup fraction resulting from the second 
step to said mother liquor resulting from the 
third step, condensing and spray-drying or 
cooling and kneading it in the presence of a 
seed crystal to obtain crystalline mixture solid 
containing crystalline maltitol. 

3. A process for manufacturing crystalline maltitol and 
crystalline mixture solid containing the maltitol, 
characterized in that the process passes sequen- 
tially through the following processes: 

1) the first step of hydrogenating syrup having 
a concentration of 30 to 75% by weight and a 
maltose content of 81 to 90% by weight in the 
solid component under the existence of cata- 
lyst to obtain corresponding syrup of sugar 
alcohol; 

2) the second step of chromatographically sep- 
arating said syrup of sugar alcohol by supply- 
ing said syrup of sugar alcohol to a column 
packed with cation-exchange resin to obtain 
high content maltitol syrup fraction having a 
maltitol purity of 92 to 99.9%, preferably 94 to 
99.9%, by weight in the solid component; 

3) the third step of crystallizing after a conden- 
sation of said high content maltitol syrup frac- 
tion and separating crystalline maltitol from 
mother liquor, whereby collecting crystalline 
maltitol; and 

4) the forth step of adding a seed crystal to said 
mother liquor resulting from the third step, and 
spray<lrying or cooling and kneading to obtain 
crystalline mixture solid containing crystalline 
maltitol. 

4. A process for manufacturing crystalline maltitol and 
crystalline mixture solid containing the maltitol 
according to any one of claims 1 to 3, said cation- 
exchange resin is either charged calcium ion or 
sodium ion and said chromatographic separation is 
batch process type. 
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